Context: Many international clinical guidelines recommend that overweight and obese women lose weight prior to pregnancy to reduce the risk of adverse pregnancy outcomes. Women who have recently given birth and plan future pregnancies are an important target population for preconception weight-loss interventions. Objective: A systematic review to evaluate postpartum dietary and/or physical activity interventions to promote weight loss and improve health in a subsequent pregnancy was conducted. Data Sources: Five databases-the Cochrane Central Register of Controlled Trials, MEDLINE (through PubMed), Embase, the Australian New Zealand Clinical Trials Registry, and the International Clinical Trials Registrywere searched using the following terms: preconception, pregnancy, postpartum, pregnancy outcomes, body mass index, weight gain, weight loss, weight change, postpartum weight retention, dietary or lifestyle intervention, and randomiz(s)ed controlled trial. The date of last search was November 2017. Data Extraction: Data were extracted from each identified study using a standard form. The primary outcomes were weight loss at the completion of the intervention and at follow-up assessments. Secondary endpoints included maternal and infant outcomes in a subsequent pregnancy. Data Analysis: Mean differences (MDs) were calculated for continuous data and risk ratios for dichotomous data, both with 95%CIs. Results: A total of 235 abstracts (193 after duplicates were excluded) were identified, from which 37 manuscripts were selected for full-text review. In total, 27 trials were identified for inclusion. Outcome data were available for approximately 75% of participants (n ¼ 3485). A combined dietary and physical activity intervention provided post partum produced greater postpartum weight loss (MD, À2.49 kg; 95%CI, À3.34 to À1.63 kg [randomeffects model]; 12 studies, 1156 women), which was maintained at 12 months post partum (MD, À2.41 kg; 95%CI, À3.89 to À0.93 kg [random-effects model]; 4 studies, 405 women), compared with no intervention. No studies reported maternal or infant health outcomes in a subsequent pregnancy. Conclusions: Providing a postpartum intervention is associated with weight loss after birth, but effects on maternal and infant health in a subsequent pregnancy are uncertain.
INTRODUCTION
Across developed nations, approximately 1 in 2 women enter pregnancy overweight or obese, their body mass index (BMI) exceeding 25 kg/m 2 . 1 Maternal overweight and obesity increases the risk of virtually all pregnancy and birth complications, the magnitude of which increases with the severity of obesity. 2 Efforts to improve outcomes have focused largely on dietary and lifestyle interventions during pregnancy to limit gestational weight gain, and while such strategies have generated some improvements in maternal diet and physical activity, [3] [4] [5] they have been associated with only modest changes in gestational weight gain and little clinical impact. 6 Additionally, prepregnancy overweight and obesity represents a stronger, independent risk for many of these adverse outcomes, 7 a risk that is not addressed by intervention during pregnancy.
Many international clinical guidelines recommend that overweight and obese women lose weight prior to pregnancy to reduce the risk of adverse pregnancy outcomes. 8, 9 An important target population for such preconception weight-loss interventions are women who have recently given birth. Pregnancy represents a significant turning point for many women in terms of their cardiovascular and health trajectory, as metabolic changes, including relative insulin resistance, promote weight gain during pregnancy and weight retention after birth 10 and therefore increase a woman's risk of either remaining or becoming overweight or obese. 11, 12 It has been estimated that women of reproductive age gain approximately 700 g of weight per year, 11 and in any given 5-year period, 20% of women will gain sufficient weight to progress into a higher BMI category. 13 This, in turn, contributes to an increase in interpregnancy BMI and an increased risk of adverse pregnancy outcomes and perpetuates longer-term risks of obesity and its health consequences. 14 The effect of a change in interpregnancy BMI on birth outcomes in a subsequent pregnancy has been investigated in a number of observational studies. Increasing BMI is associated with an increased risk of gestational diabetes, hypertension, cesarean birth, high birth weight, and perinatal mortality. 15, 16 In contrast, even modest weight loss (% 3 À 5 kg) between consecutive pregnancies in overweight or obese women has been associated with a reduction in the risk of an infant being born large for gestational age. 16 However, there has been little systematic synthesis of the literature to evaluate the effect of weightloss strategies after birth on a woman's subsequent pregnancy outcomes.
The aim of this systematic review of the literature and meta-analysis was to evaluate the effects of dietary and/or lifestyle interventions for women in the postpartum period as a strategy to promote weight loss after birth and to improve maternal and infant health outcomes in a subsequent pregnancy.
METHODS

Sources
The Cochrane Central Register of Controlled Trials, MEDLINE though PubMed, MEDLINE, Embase, the Australian New Zealand Clinical Trials Registry, and International Clinical Trials Registry Platform (see Table S1 in the Supporting Information online) were searched using the following keywords: preconception, pregnancy, postpartum, pregnancy outcomes, BMI, weight gain, weight loss, weight change, postpartum weight retention, dietary or lifestyle intervention, and randomiz(s)ed controlled trial (see Table S2 in the Supporting Information online). The date of the last search was November 2017. The methodology followed the Cochrane Handbook for Systematic Reviews of Interventions 17 and the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines (see Appendix S1 in the Supporting Information online), 18 without date or language restrictions.
Study selection
All published and ongoing randomized trials in which a dietary and/or lifestyle intervention to promote weight loss in women in the postpartum period was compared with standard postnatal care or no intervention to promote weight loss were included. Participants included women who had given birth to a healthy singleton infant and (1) were overweight or obese; (2) had a normal BMI upon commencing pregnancy but whose gestational weight gain exceeded the Institute of Medicine guidelines 19 ; or (3) had retained weight at the time of trial recruitment as defined by the trial authors.
Studies were excluded if a quasi-randomized design was used, if information was available in abstract form only, if underweight women were recruited, or if the intervention began prior to birth.
Outcomes
The following primary outcomes were assessed: (1) mean change in weight (in kilograms) between trial entry and end of the intervention (or at time of conception in a subsequent pregnancy, if recorded); (2) mean change in weight (in kilograms) between trial entry and final assessment (after completion of the intervention, to determine weight maintenance); (3) proportion of women who returned to their prepregnancy weight at final assessment; (4) proportion of women whose BMI was within the normal range (18.5-24.9 kg/m 2 ) following completion of the intervention; and (5) proportion of overweight or obese women who lost 5% or more 20 of their prepregnancy body weight following completion of the intervention.
Secondary maternal outcomes related to pregnancy and to birth outcomes in a subsequent pregnancy included gestational diabetes; preeclampsia; gestational hypertension; preterm birth before 37 weeks; gestational weight gain below, within, or above the Institute of Medicine recommendations; cesarean birth; and postpartum hemorrhage. Secondary infant outcomes related to birth outcomes in a subsequent pregnancy included birth weight in kilograms; birth weight ! 4.0 kg; birth weight 2.5 kg; neonatal intensive care admission; and breastfeeding. A range of longer-term maternal and child health outcomes were considered, including maternal type 2 diabetes; maternal essential hypertension; and childhood obesity.
J.M.D., A.R.D. and C.M.O'B. reviewed articles independently for inclusion and risk of bias. Discrepancies were resolved by discussion, with no blinding of authorship. Factors assessed for risk of bias included random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective reporting, and other potential biases. 17 Cluster trials were additionally assessed for recruitment bias, baseline characteristic imbalance, and the possibility of an additional herd effect of the intervention. 17 Statistical analyses were conducted using the Review Manager software. 21 Fixed-effect inverse variance meta-analysis was used to combine data from trials that examined similar interventions and when the population and methods of the trials were considered similar. Statistical heterogeneity was evaluated for each analysis using the s 2 , I 2 , and v 2 statistics, with heterogeneity considered significant if the I 2 statistic exceeded 30% and either the s 2 statistic was greater than zero or the chi-squared statistic revealed P < 0.10. 17 Where there was evidence of heterogeneity, reasons were investigated. Use of a random-effects model was considered for analysis, and heterogeneity was further explored using sensitivity analyses.
Mean differences (MDs) were calculated for continuous data and risk ratios (RRs) for dichotomous data, both with 95%CIs. Sensitivity analyses were planned to evaluate the effects of the intensity of the intervention (defined as at least 14 intervention sessions, consistent with the available literature supporting weight loss in the general population), 22 the nature of the intervention (diet alone, physical activity alone, mixed diet, and physical activity), maternal BMI subgroups at the commencement of the index pregnancy (normal BMI vs overweight vs obese), and trial quality (adequate process of randomization, allocation concealment, postrandomization exclusions, and loss to followup) on the primary outcomes. When using data from cluster randomized trials, sample sizes (and numbers of events for dichotomous outcomes) were reduced to an effective sample size (or event number) by dividing by the design effect to apportion correct weighting, as recommended by the Cochrane Collaboration. 17 Figure 1 shows the literature search strategy. A total of 235 abstracts (193 after removal of duplicates) were identified, from which 37 full-text manuscripts were reviewed and 27 were included. Table 1 shows the characteristics of the included trials. One completed trial with a published protocol 50 and 1 ongoing randomized trial 51 were identified (see Table S3 in the Supporting Information online) and 8 studies were excluded (see Table S4 in the Supporting Information online).
RESULTS
52-59
Study descriptions
Twenty-seven randomized trials were included (Table 2) , involving 4610 women to whom an intervention was delivered in the postpartum period. Outcome data were available for approximately 75% of participants (n ¼ 3485). Twenty-three trials reported weight change at the end of the intervention period, [24] [25] [26] [27] [29] [30] [31] [32] [33] [34] [35] [36] [38] [39] [40] [41] [42] [43] 45, 46, 48, 49 with 6 trials reporting weight change at 12 months post partum. 24, 34, 35, 37, 45, 46 Fourteen trials (n ¼ 1511) recruited only women who were overweight or obese at the time of enrollment. [23] [24] [25] [26] [27] [28] 30, 32, 34, 35, [43] [44] [45] 49 Nineteen trials were conducted in the United States, 23 27 Taiwan, 33 Iran, 39 and Japan. 48 Twenty trials evaluated a combined dietary and physical activity intervention. 23, [25] [26] [27] [28] [30] [31] [32] [33] [34] [36] [37] [38] [42] [43] [44] [45] [46] [47] 49 Five assessed physical activity only. 29, 35, 39, 41, 48 Three trials delivered a comprehensive lifestyle intervention via digital media, 1 utilizing a smartphone application 30 and 3 others using a web-based platform. 26, 46 A further 2 trials used text messaging in addition to face-to-face meetings and phone calls 34 or text messaging in addition to phone calls and a closed Facebook support group. 32 A third trial in rural Australia delivered the intervention by phone, following an initial study appointment. 47 The trial by McCrory et al. 40 conducted a 3-arm comparison involving a dietary intervention alone, a combined dietary and physical activity intervention, and no intervention, contributing data to the comparisons assessing dietary interventions alone and a combined intervention. Bertz et al. 24 adopted a 2 Â 2 factorial design in which 4 arms were compared: diet alone, exercise alone, diet and exercise, and a control group receiving no intervention. The trial by Huang et al., 33 which was included in the comparison assessing combined interventions, compared a combined intervention commencing in the antenatal period (which was not included in the analyses), a combined intervention provided in the postpartum period, and a control group provided with standard postnatal care.
The trials by Phelan et al. 46 and deRosset et al. 28 were cluster randomized controlled trials. At least 14 intervention sessions were provided over the course of the trial in 12 trials, 23, 25, 26, 29, 30, 35, 36, 38, 42, 43, 45, 46 with the frequency of study visits considerably less in the remainder.
One completed study with a published protocol 50 and 1 ongoing study 51 were identified.
Excluded studies
Four studies were excluded because the delivery of the intervention commenced during pregnancy, 52, 55, 56, 58 and 3 were excluded because they used a nonrandomized design. 54, 57, 59 One study was excluded because it compared a historical control group with 2 intervention arms that were randomized.
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Methodological quality Figure 2 shows details of the risk of bias for the 27 included studies, which were considered to be at moderate risk of bias and of low to medium quality. Fourteen trials reported use of a computer-generated random number sequence or random number and 4 studies used sealed opaque envelopes for allocation concealment. 26, 32, 34, 35 None of the included trials reported blinding of participants, owing to the nature of the interventions, although 2 trials reported blinding of outcome assessors. 39, 46 Ten trials reported postrandomization withdrawals and loss to follow-up greater than 20% and were considered to be at high risk of attrition bias. 23, 25, 27, 31, 33, [35] [36] [37] 44, 49 No additional risks of biases were identified for the 2 included cluster randomized trials, 28, 46 including recruitment bias or imbalance of baseline characteristics. It was not possible to assess an additional effect of the intervention within clusters.
Dietary intervention alone vs standard postnatal care or no intervention
Two randomized trials involving a total of 75 women in the postpartum period were included in this comparison. 24, 40 Women who were provided with a dietary intervention in the postpartum period were more likely to have significant weight loss at the completion of the intervention compared with women who received no intervention (MD, À1.82 kg; 95%CI, À2.19 to À1.44 kg). One of these trials 24 reported weight change at 12 months and found that women who received a dietary intervention alone maintained significant weight loss compared with women who received no dietary intervention (MD, À9.30 kg; 95%CI, À13.71 to À4.89; 30 women). No longer-term health outcomes or maternal or infant health outcomes in a subsequent pregnancy were reported.
Physical activity intervention alone vs standard postnatal care or no intervention
Six randomized trials involving 288 women in the postpartum period were included in this comparison. 24, 29, 35, 39, 41, 48 Data from 3 trials could be included in the meta-analysis, 24, 41, 48 with the other 3 studies reporting baseline and postintervention weight outcomes but not change in weight. 29, 35, 39 Women who were provided with a physical activity intervention in the postpartum period had greater weight loss at the completion of the intervention when compared with women who received no intervention (MD, À1.45 kg; 95%CI, À2.41 to À0.50 kg [randomeffects model]; 3 studies, 93 women).
Combined dietary and physical activity intervention vs standard postnatal care or no intervention
Twenty-two randomized trials involving 3294 women were included in this comparison, [23] [24] [25] [26] [27] [28] [30] [31] [32] [33] [34] [36] [37] [38] 40, [42] [43] [44] [45] [46] [47] 49 with 12 studies involving 1156 women contributing data to the primary weight-related outcomes. 24, 26, 27, 30, [32] [33] [34] 36, 38, 40, 43, 46 Women provided with a combined dietary and physical activity intervention had greater weight loss at the completion of the intervention compared with women who received no intervention (MD, À2.49 kg; 95%CI, À3.34 to À1.63 kg [random-effects model]; 12 studies, 1156 women) (Figure 3) . 24, 26, 27, 30, [32] [33] [34] 36, 38, 40, 43, 46 There was a high degree of heterogeneity for this outcome (I 2 statistic ¼ 86%), which persisted after considering only those trials with adequate randomization processes (MD, À3.14 kg; 95%CI, À4.40 to À1.88 kg [randomeffects model]; 9 studies, 643 women; I 2 statistic ¼ 88%) (see Figure S1 in the Supporting Information online) 24, 26, 27, [32] [33] [34] 38, 40, 46 ; only those trials with low rates of postrandomization withdrawals and loss to follow-up (MD, À2.92 kg; 95%CI, À4.00 to À1.83 kg [randomeffects model]; 8 studies, 908 women; I 2 statistic ¼ 90%) (see Figure S2 in online) 24, 30, 32, 34, 38, 40, 43, 46 ; and only those trials that recruited women who were overweight or obese at the start of their index pregnancy (MD, À2.78 kg; 95%CI, À4.01 to À1.56 kg [random-effects model]; 7 studies, 667 women; I 2 statistic ¼ 81%) (Figure 4) . 24, 26, 27, 30, 32, 34, 43 When considering the effects of the intervention at 12 months post partum, a combined dietary and physical activity intervention was associated with greater weight loss when compared with no intervention (MD, À2.41 kg; 95%CI, À3.89 to À0.93 kg [random-effects model]; 4 studies, 405 women; I 2 statistic ¼ 31%) ( Figure 5 ). 24, 34, 37, 46 The proportion of women returning to their prepregnancy weight was greater after a combined dietary and physical activity intervention than after no intervention (RR ¼ 3.13; 95%CI, 0.99-9.88 [fixed-effects model]; 1 study, 62 women).
While the included trials reported improvements in dietary patterns and physical activity, no longer-term health outcomes or maternal or infant health outcomes in a subsequent pregnancy were reported.
Heterogeneity
The results showed evidence of statistical heterogeneity for the reported weight-related outcomes.
The random-effects model was used, without any change in the estimated effect size. Similarly, consideration of only those studies with appropriate methods of randomization, low risk of bias owing to adequate follow-up, high (! 14) vs low (< 14) frequency of study visits, and maternal BMI category did not influence the magnitude or direction of effect. Because significant heterogeneity persisted and could not be explained, the effect size estimated should be considered as an average effect size, and interpreted with caution. 17 
DISCUSSION
The findings of this systematic review and metaanalysis indicate that a dietary or physical activity intervention, alone or in combination, provided to women in the postpartum period is associated with greater weight loss at the completion of the intervention and at 12 months post partum, with more women returning to their prepregnancy weight after a combined intervention, compared with no intervention. Providing a combined dietary and physical activity intervention was associated with an average weight loss of 2.49 kg at the completion of the intervention and an average weight loss of 2.4 kg at 12 months post partum. A limited number of trials evaluated dietary or physical activity interventions alone, and while they suggest beneficial weight loss at the completion of the intervention, their findings should be interpreted with caution.
This review is not without limitations, reflecting the methodological quality of the included studies. The description of trial methodology varied considerably across studies, with just over half describing the methods used to generate the randomization sequence 23, 24, 27, 28, [33] [34] [35] [38] [39] [40] 42, 44 and only 7 describing adequate allocation concealment, 24, 26, 28, 32, 34, 35, 44 thereby introducing potential for selection bias. While 27 randomized trials involving over 4600 women were identified for inclusion, fewer trials (n ¼ 15) involving 1165 participants (% 25%) 24, 26, 27, 30, [32] [33] [34] [36] [37] [38] 40, 41, 43, 46, 48 contributed data to the primary outcome of weight change at the end of the intervention period. At 12 months post partum, data from only 4 trials involving 420 women were available. 24, 34, 37, 46 Both the high rate of postrandomization loss to follow-up and the participant withdrawal rate of approximately 25% identified in this review introduce significant potential for attrition bias, as does the lack of reporting of outcomes beyond completion of the intervention. These findings also highlight the difficulty in both engaging and maintaining contact with women in the postpartum period, reflecting changes in infant care responsibilities following birth as well as the mobility of this population of women. Future studies should develop appropriate but flexible strategies to engage and maintain contact with women at this time of significant change in life circumstances. However, such strategies also need to consider the indications that at least 14 sessions with a trained professional over a period of 6 months should to be provided for an intervention to be of sufficient intensity to achieve weight-loss goals. 22 While 9 of the included studies provided participants with 10 or more intervention sessions (either face to face [including groups] or by phone), 23, 25, 28, 35, 36, 38, 42, 45, 46 the remainder of the included studies provided considerably fewer sessions.
A limitation of this systematic review is that it does not permit robust recommendations to be made about either the content or the delivery of a postpartum intervention that could be incorporated into clinical care, owing to a lack of reporting of key details about (1) the specific dietary and physical activity content of the intervention; (2) the assessment tools used; and (3) the format of delivering the intervention. Similar limitations attributed to the incomplete reporting of the content of dietary and lifestyle interventions during pregnancy have been identified previously, 60 highlighting the need for adequate reporting and complete process evaluation of complex interventions. 61 Most included studies reported positive effects, demonstrated by improvements in maternal dietary and physical activity behaviors. While these health behaviors and initial weight changes are important, it remains uncertain whether they are associated with sustained behavioral change. Furthermore, it is unclear if such changes initiated in the postpartum period result in improved maternal and infant health outcomes in a subsequent pregnancy, since none of the studies have reported longer-term follow-up of participants or subsequent pregnancy outcomes.
Weight gain between successive pregnancies is associated with increased risk of gestational diabetes, hypertension, cesarean birth, high birth weight, and perinatal mortality. 15, 16 However, among women who were overweight or obese at the time of their first pregnancy, weight loss of a single BMI unit (corresponding to weight loss of % 3-5 kg) was associated with a reduction in the risk of giving birth to an infant large for gestational age (odds ratio [OR] ¼ 0.82; 95%CI, 0.72-0.95). 16 The effect of interpregnancy weight loss on other pregnancy outcomes, including hypertension (OR ¼ 0.98; 95%CI, 0.70-1.37) and gestational diabetes (OR ¼ 0.96; 95%CI, 0.66-1.37), was less clear. 16 Further indirect evidence of a beneficial effect of preconception weight loss on pregnancy and birth outcomes is available from the bariatric surgery literature, although the findings are inconsistent across studies. While some reports suggest a reduction in the risk of an infant born large for gestational age and of maternal complications such as hypertension, gestational diabetes, and cesarean birth, others have identified no differences in the risk of pregnancy and birth complications. 62 
CONCLUSION
Providing women with a dietary and/or physical activity intervention in the postpartum period is associated with modest weight loss after birth, which, on the basis of limited available data, appears to be maintained at 12 months post partum and to be of greater magnitude following a combined dietary and lifestyle intervention. The longer-term effects on sustained behavioral change and on subsequent pregnancy and birth outcomes are still unknown. If improvements in maternal and child health are to be realized, preconception strategies to promote weight loss, including weight loss during the interpregnancy period, 63 particularly among women who are overweight or obese, need to be addressed with urgency. For this to occur, it is essential to recognize that randomized postpartum interventional trials should continue to follow women into a subsequent pregnancy and should be adequately funded and resourced. 
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